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Abstract

A progressive and sustained decrease in systolic blood pressure on the continuation of exercise suggests severe left ventricular
dysfunction irrespective of the cause. A transient decrease in systolic blood pressure followed by a normal increase in the
continuation of exercise does not have any clinical significance. Failure of systolic blood pressure to increase commensurate to
an increase in workload suggests the failure of adequate increase in left ventricular stroke volume with increasing workload.
At present there is no consensus about the definition and significance of the exaggerated increase in systolic blood pressure
during exercise. This is because different authors have used different criteria for defining abnormal response. An increase in
diastolic blood pressure by 10 mm Hg over resting diastolic blood pressure or peak diastolic blood pressure of 110 mm Hg
is significant and may be associated with a future risk of hypertension at rest. There is no consensus about the magnitude of
the fall in systolic blood pressure during the initial few minutes of recovery. A paradoxical increase rather than a decrease in
systolic blood pressure during recovery may be associated with coronary artery disease. Correct auscultatory measurement
of blood pressure at peak exercise is difficult. Therefore, some authorities recommend the evaluation of blood pressure at a
submaximal workload. This area needs further evaluation.

Keywords: Bruce Protocol; Coronary Artery Disease; Cardiovascular Accident; Diastolic Blood Pressure; Exercise Stress
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Introduction dynamic exercise is needed to understand the etiology and
significance of various abnormal responses.
The blood pressure response is measured and entered

routinely in the report of every treadmill test. The definition Normal Hemodynamic Changes during

and clinical significance of ‘normal gnd abnorrr.lal bloo.d Dynamic Exercise that Control Blood
pressure responses are, however, not widely appreciated. This Pressure

is because different authors have used different criteria to
define abnormal response. Further authors of various review

. o L ) Systolic Blood Pressure
articles have not critically analysed the original studies.

Clinicians mostly concentrate on electrocardiographic During Exercise: Systolic blood pressure is dependent on left
changes. Blood pressure changes usually remain ignored. ventricular stroke volume and stiffness of the arterial system.
We have tried to critically review the available literature and Left ventricular stroke volume depends on left ventricular
draw some impressions that can be useful for clinicians. An preload (right ventricular stroke volume) and contractility of
understanding of the normal hemodynamic changes during the left ventricular myocardium. Left ventricular myocardial
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contractility depends on preload, left ventricular systolic
function and sympathetic drive. Normally, during dynamic
exercise systemic venous return increases due to contraction
of the exercising muscles [1]. Simultaneously, there is
an increase in the sympathetic drive with the result that
systolic blood pressure rises progressively with increasing
workload. An increase in stroke volume and systolic blood
pressure is maximum in the beginning of the exercise. Left
ventricular stroke volume does not increase linearly with
increasing exercise as there is an upper limit to the increase
in left ventricular filling and contractility [2]. Therefore,
increase in systolic blood pressure with increasing workload
is not linear. Gradually it reaches a plateau. The subsequent
increase in systolic blood pressure is mainly because of an
increase in the heart rate [3].

There mightbe a slight decrease (usually less than 10 mm
Hg) if the patient reaches his limit of exhaustion. The exact
mechanism of this decrease at peak exercise is not known.
The sudden increase in vagal tone or decrease in vascular
resistance could be responsible. Lactic acid accumulation
and metabolic acidosis secondary to prolonged anaerobic
exercise could also be responsible [4]. In some patients a
vasovagal response could be responsible. It is important
to remember that vasovagal response is associated with
bradycardia as opposed to other causes of hypotension
which are always associated with tachycardia. Thus major
hemodynamic factors controlling exercise-induced increase
in systolic blood pressure include cardiac performance
(governed by the level of sympathetic activity and underlying
myocardial or coronary artery disease), characteristics
of major arteries (influenced by arterial compliance and
influence of reflected waves) [5], and peripheral factors
(including peripheral vascular resistance and properties of
the venous circulation) [6].

Exercise-induced increase in systolic blood pressure
is also affected by resting systolic blood pressure, age, sex,
body mass index , physical conditioning of the patient and
current use of cardiovascular drugs [7-12]. Resting systolic
blood pressure is a major determinant of the peak systolic
blood pressure response to exercise [13,14]. Maximal
systolic pressure increases with advancing age. This could
be due to increasing stiffness of the systemic arteries with
advancing age. The increase is less in females as compared
to males of similar age. Lower muscle mass, lower physical
fitness and lower maximum exercise capacity of females
could be contributory. Physically conditioned subjects can
attain greater maximum systolic blood pressure as they
can exercise for longer periods. Persons with high body
mass index have higher systolic blood pressure responses.
Children and adolescents with the presence of cardiovascular
risk factors have higher systolic blood pressure responses
during exercise [15,16]. Treadmill testing is a weight-
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dependent exercise. Therefore, systolic blood pressure
response is greater during treadmill testing as compared to
bicycle ergometry. All these variables should be considered
while interpreting the clinical significance of systolic blood
pressure response to exercise in an individual.

During recovery: During recovery, parasympathetic drive
increases and sympathetic tone decreases. Simultaneously
there is a decrease in venous return due to the cessation
of contraction of the exercising muscles. Therefore, stroke
volume declines with the resultant decrease in systolic
blood pressure. By the end of the third minute of recovery,
systolic blood pressure may fall below the resting systolic
blood pressure [3]. This happens because vasodilation in
the exercising muscles persists for some time even after
cessation of exercise.

Diastolic Blood Pressure

Diastolic blood pressure depends on total peripheral
vascular resistance. During exercise, there is dilatation of
arteries of the exercising muscles in response to increased
demand of oxygen and nutrients and to remove the end
product metabolism by the exercising muscles. This is
accompanied by vasoconstriction in non-exercising skeletal
muscles and splanchnic circulation with the result that
there is no or minimal change in the total systemic vascular
resistance. Diastolic blood pressure, therefore, shows no or
minimal change (+ 10 mm Hg) during exercise [14,17].

The dilatory capacity of peripheral arteries is
influenced by autonomic nervous control [18]. Subclinical
atherosclerosis, endothelial dysfunction and abnormalities
of smooth muscles can also affect the dilatation of vessels
in exercising muscles. These variations can explain
interindividual variability in diastolic blood pressure
response to dynamic exercise.

Difficulties in Accurate Measurement of
Blood Pressure during Treadmill Testing

There are some inherent difficulties in correct
auscultatory measurement of blood pressure [19]. Some
well-defined procedure has to be followed4 e.g. correct cuff
size, correct rate of deflation of the cuff, correct detection of
the first phase and differentiation of phase four and phase
five of Korotkoff sounds, recording of phase four sound if
Korotkoff sounds are audible up to zero, recording blood
pressure before stopping exercise to get peak blood pressure,
and identifying auscultatory gap. Most of the laboratories use
a standard caff for all patients [19,20]. Correct detection of
diastolic blood pressure during exercise is also difficult due
to difficulties in correct detection of Korotkoff sounds during
exercise [21]. [t needs proper training and experience. These
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days treadmill testing is performed by technicians who are
usually not thoroughly trained in the correct auscultatory
measurement of blood pressure.

Correct auscultatory measurement of systolic blood
pressure is difficult during the third stage and onwards due
to the noise of the treadmill, sounds produced by striking
of patient’s feet on the belt of the treadmill, the tendency of
the patient to flex the elbow, contraction of the upper limb
muscles to firmly grip the fronthandrail and body movements
[19,22]. Isometric exercise of the upper limb in an attempt to
firmly hold the front handrail adds to the increase in systolic
blood pressure [19].

Automatic blood pressure measuring devices use a
microphone on the brachial artery and gating of sounds
with the R waves of the ECG. This helps in the exclusion
of extraneous sounds occurring during diastole [4]. It is,
however, important that measurement is made during the
last 45 seconds of each stage so that correct maximum blood
pressure at the end of each stage is entered into the computer.
Most of the time measurement of the blood pressure is
completed after the onset of the next stage. This results in
the wrong recording. Automatic measurement is not useful
inirregularly occurring R waves (arrhythmias) [4]. Voluntary
flexion of the elbow to firmly hold the front handrail can add
extraneous sounds. Diastolic blood pressure depends on
total peripheral vascular resistance.

Normal Blood Pressure Changes during
Exercise & Recovery

There is no literature on blood pressure changes in
absolutely normal persons without any cardiovascular
risk factors or family history of hypertension [23].
Prehypertensives cannot be considered ‘normal’ as they have
an abnormal increase in blood pressure during exercise.
Some information is available from studies on the general
population. There is no consensus on the maximum systolic
blood pressure during exercise [23]. Sharman JE, et al. [19]
observed an increase of 10.2 mm Hg/MET in systolic blood
pressure. They observed that this increase could plateau at
peak exercise. Sieira MC, et al. [20] observed an increase of
7 to 10 mm Hg/MET. Daida H, et al. [7] studied ‘apparently
healthy’ individuals. They observed that systolic blood
pressure increases by 50 to 60 mm Hg in men and 40 to 50
mm Hg in women from rest to peak exercise. There was a
tendency towards a lower range in persons older than 70
years. They observed that maximal systolic blood pressure
was less than 210 mm Hg in males and 190 mm Hg in
females. The increase was greater in persons above 40 years.
Surawicz B, et al. [18] have mentioned a wider range (160
to 220 mm Hg) for systolic blood pressure with maximal
effort. Criqui MH, et al. [24] have observed that systolic
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blood pressure increases by about 30 mm Hg in males and
by about 28 mm Hg in females by the end of the third minute
of exercise. Laukkanen JA, et al. [13] observed that systolic
blood pressure usually increases by 50 to 70 mm Hg.

The systolic blood pressure shows a mild decrease
immediately after exercise and rises temporarily again after
one minute. This transient fall in systolic blood pressure is
due to vasodilation persisting in exercise muscles as a result
of the accumulation of lactic acid at peak exercise in the face
of a reduction of stroke volume due to a sudden reduction in
venous return [25,26].

Diastolic blood pressure decreases slightly or shows no
change with exercise [17,24], due to a lack of any significant
change in total peripheral vascular resistance.

Abnormal Blood Pressure Responses to
Dynamic Exercise and Their Significance

There is no literature on blood pressure response to
dynamic exercise in absolutely normal individuals
without cardiovascular risk factors and a family history of
hypertension. No cut points are, therefore, available which
can be used in a given patient to correctly define an abnormal
response. Most of the workers have used arbitrary values in
their studies.

Abnormal Systolic Blood Pressure Response

The literature on this topic can be discussed under the
following heads:
» Sustained decrease in systolic blood pressure
(Hypotensive response).
Decrease in systolic blood pressure followed by the
increase on continued exercise.
Failure of adequate increase in systolic blood pressure.
Initial increase followed by a decrease in blood pressure.
Decrease in systolic blood pressure at peak exercise.
Exaggerated fall in systolic blood pressure soon after
exercise.
Abnormal increase in systolic blood pressure during
exercise (Hypertensive response).
» Abnormal blood pressure response during recovery.

YVVVY Y

Y

Sustained decrease in systolic blood pressure below pre-
exercise standing systolic blood pressure

There is no consensus regarding the magnitude of fall in
systolic blood pressure that should be considered abnormal.
Most of the workers have considered a fall below pre-exercise
standing systolic blood pressure as abnormal [17,27-29].
Others have defined a fall of 10 mm Hg or more as significant
[30,31].
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A hypotensive response should be considered ‘true’ only
it there is a sustained and progressive decrease in systolic
blood pressure on the continuation of exercise. Such a
response is due to vasodilatation in the exercising muscles
and /or neurocardiognically mediated vasodilatation
without a simultaneous increase in left ventricular stroke
volume [32]. It suggests severe left ventricular dysfunction
from any cause. It can occur in severe dilated cardiomyopathy
or severe coronary artery disease. When it is secondary to
severe coronary artery disease, patients always have angina
and/or significant ST-segment changes [4,29,32,33]. Such a
response strongly suggests severe left main or triple vessel
disease [34]. It is, however, very important to remember
that the absence of such a response does not exclude severe
coronary artery disease. On the contrary, most of the patients
with severe left main or triple vessel disease do not have a
hypotensive response.

Earlier during exercise hypotensive response occurs,
more severe is the coronary artery disease. Successful
bypass surgery has been shown to reverse hypotensive
response [30]. Hypotensive response is associated with a
poor prognosis due to underlying severe coronary artery
disease and/or severe left ventricular systolic dysfunction.

A fall in systolic blood pressure below pre-exercise
blood pressure is the strongest predictor of cardiovascular
death [31,35,36]. Some workers feel that a hypotensive
response can be a predictor of the future occurrence of atrial
fibrillation [37]. This is understandable if the patient has left
ventricular failure with secondary left atrial enlargement.
Patients with hypotensive response also have a relatively
greater risk of developing VT or VF [38]. This is probably
related to underlying severe coronary artery disease.

Transient decrease in systolic blood pressure followed
by increase on continued exercise

Some persons who have anxiety about the test can
develop some increase in systolic blood pressure before
exercise. After starting exercise, their anxiety may be
relieved and their systolic blood pressure may return to
their normal level. In these cases, there are no symptoms or
electrocardiographic changes. Systolic blood pressure starts
rising on the continuation of exercise. Such a response does
not have any adverse prognostic significance. Therefore,
such a response should not be considered a true hypotensive
response [39,40].

The development of an arrhythmia can also cause a fall in
systolic blood pressure [39]. Blood pressure may start rising
again if the arrhythmia reverts spontaneously. It does not
suggest poor prognosis similar to patients with underlying
severe coronary artery disease or severe left ventricular
dysfunction.
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Failure of adequate increase in systolic blood pressure

with increasing workload
Normally, the systolic blood pressure increases

progressively with increasing workload. If the systolic blood
pressure does not increase commensurate with increasing
workload, it is considered ‘inadequate. It is difficult to
correctly define the inadequacy of increase for a given
patient because there is no data about the magnitude of
increase in systolic blood pressure at different workloads in
normal individuals without cardiovascular risk factors and
family history of hypertension. Most of the authors have used
arbitrary values to define an inadequate increase in systolic
blood pressure. Various criteria used by different authors
are:

e  Failure of systolic blood pressure to increase by 10 mm
Hg or more after the first minute of exercise [19,33].

e Increase in systolic blood pressure by less than 44 mm
Hg in men with an average age of 53 + 12 years [40,41].

e Maximum systolic blood pressure of 140 mm Hg or less
[38,42].

e Rise of systolic blood pressure to less than 140 mm Hg
or arise of less than 10 mm Hg over pre-exercise value in
spite of normal effort [39]. ‘Normal’ effort has not been
defined.

e Increase of less than 20 mm Hg during the entire effort
[20].

e Maximum systolic blood pressure less than 140 mm Hg
[20].

e Increase of less than 40 mm Hg over resting systolic
blood pressure [20].

One limitation of the criteria of maximum systolic blood
pressure is that it does not take into consideration the resting
systolic blood pressure of the patient which is an important
determinant of maximum systolic blood pressure [6,13,14].
Another thing that has not been clarified in the above studies
is whether the exercise was symptom-limited or terminated
at age-predicted maximal heart rate. Development of angina
or left ventricular systolic dysfunction can also reduce
increase in systolic blood pressure. Further, these criteria do
not include workload-dependent increase in systolic blood
pressure and actual duration of exercise. We feel that the
observation of Sharman, et. al (a normal increase of 10.2
mm Hg/MET) [19], can be used to define the adequacy of
exercise induced increase in systolic blood pressure till more
data is available regarding workload-dependent increase
in systolic blood pressure in absolutely normal persons
without cardiovascular risk factors and any family history of
hypertension.

Failure of adequate increase in systolic blood pressure is
due to failure of progressive increase in stroke volume with
increasing workload despite decreasing systemic vascular
resistance due to dilatation of arteries in the exercising
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muscles. It could be because of left ventricular systolic
dysfunction from any cause including severe coronary artery
disease. When such a response is due to severe coronary
artery disease, patients almost always develop angina and/
or significant ST-segment changes. Significant mitral or aortic
valve stenosis can also prevent the progressive increase
in stroke volume [43]. These conditions are, however,
excluded during clinical examination and echocardiography
performed routinely before taking patients for treadmill
stress testing. Aortic regurgitation and mitral regurgitation
do not pose a problem because they do not restrict stroke
volume with increasing exercise. Hypovolemia and the use of
antihypertensive medicines can also cause such a response
[39]. Hypertrophic cardiomyopathy with significant left
ventricular outflow obstruction, pulmonary vascular disease
and central venous obstruction are uncommon causes for
such a response [19]. Abnormal sympathetic control with
abnormal vasodilation in exercising as well as non-exercising
muscles can also produce an inadequate increase in systolic
blood pressure.

In patients with clinically indicated stress testing,
failure of adequate increase in systolic blood pressure
is associated with increased incidence of cardiovascular
events and all-cause mortality [44]. In a patients who has
sustained myocardial infarction, an inadequate increase in
systolic blood pressure suggests significant left ventricular
dysfunction and/or persistent significant coronary artery
disease [25].

Initial increase followed by a decrease in systolic blood
pressure

It has been defined as a fall of 20 mm Hg or more from
peak systolic blood pressure [33,36,39,45,46]. However,
the peak systolic blood pressure, duration of exercise and
workload has not been defined in these studies. Irving ]B,
et al. [38] have defined it as a decrease of 10 mm Hg after
the initial increase. Once again the magnitude of the initial
increase, duration of exercise and workload has not been
defined.

Such a response can be seen in left main and/or triple
vessel disease [33]. In such a situation it is usually associated
with angina and/or significant ST-segment changes. It can
also occur in late-onset orthostatic hypotension. Significant
fall in systolic blood pressure after peak exercise can occur
in otherwise healthy individuals due to a sudden reduction
in venous return from the exercising muscles or a sudden
increase in vagal tone. In the absence of angina and/or
significant ST-segment changes, such a response has little
predictive value [46].

Fall in systolic blood pressure at peak exercise
Some normal persons can have mild fall in systolic blood
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pressure when they are exhausted [26]. It can be due to
vasovagal reaction. Such a response is associated with
bradycardia. Anaerobic metabolism and collection of lactic
acid in the exercising muscles Ellestad MH, et al. [26] can also
cause increased dilatation of arteries in exercising muscles.
This factor may be important in other cases. These conditions
produce sinus tachycardia. Such a hypotensive response has
no diagnostic or prognostic significance.

Exaggerated fall in systolic blood pressure soon after
exercise

Mild fall in systolic blood pressure is a normal
phenomenon. It is due to the sudden reduction in venous
return from exercising muscles, fall in sympathetic tone
and increase in vagal tone. In some patients, regression of
vasodilatation in the exercising muscles may be relatively
slow [46]. Sudden reduction in venous return results
in a reduction in stroke volume in the face of persisting
vasodilatation in the exercising muscles. This results in an
exaggerated fall in systolic blood pressure. This may result in
a feeling of giddiness or blackout and may need the support
of the supervising staff. Further reduction in systolic blood
pressure is relatively slow as the tone of arteries in exercising
muscles returns to normal. Such a response does not have
any diagnostic or prognostic significance.

Hypertensive response (Abnormal increase in blood

pressure)

e Abnormal increase in systolic blood pressure: At
present, there is no consensus regarding definition
[20,23,46,47], of exaggerated systolic blood pressure
during treadmill testing. It is for several reasons. Systolic
blood pressure during treadmill testing depends on
several confounding factors e.g. resting systolic blood
pressure [6,13],age [7,8], sex [7,9], body mass index [10],
physical conditioning [11], presence of cardiovascular
risk factors,15,16 family history of hypertension and
current use of antihypertensive drugs [4,12]. There is no
study that has evaluated a stagewise increase in systolic
blood pressure in ‘absolutely normal’ individuals without
confounding factors [46]. Therefore, there are no cut-off
values to correctly define abnormal increases in systolic
blood pressure during different stages of treadmill
testing. Most of the authors have used arbitrary values
that are not corrected for various confounding factors
[46-49]. Some authors have proposed absolute values
to define exaggerated systolic blood pressure. Proposed
values have a wide range (190 mm Hg to 230 mm Hg)
[13,50-53]. Ren JF, et al. [48] have suggested a value of
more than 190 mm Hg for patients with hypertension.
However, a given value does not have the same
clinical significance in different persons with different
combinations of confounding factors [7]. Filipovsky ],
et al. [49] adjusted exercise systolic blood pressure for
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resting systolic blood pressure. Exercise systolic blood
pressure that was initially considered exaggerated
became insignificant after adjustment with resting
systolic blood pressure. Other workers have defined
exaggerated systolic blood pressure by the magnitude
of increase in systolic blood pressure per minute of
exercise. Once again the suggested values have a wide
range (9.4 mm Hg/ minute to 19.7 mm Hg/minute)
[13,52,54]. Some authors have used a value exceeding the
95th percentile of the studied population [14,55]. This
criterion cannot be used for an individual undergoing
treadmill test unless the particular laboratory has a
normogram for the local population with a risk profile
similar to that of the patient under evaluation. This looks
practically impossible. Kim D, et al. [47] have used the
criterion of the magnitude of increase in systolic blood
pressure during exercise over the resting pre-exercise
systolic blood pressure (more than 60 mm Hg in men
and more than 50 mm Hg in women). These criteria
cannot be applied to an individual patient because
several factors other than gender affect the response of
exercise in a given individual [23].

At present it is felt that confounding factors, clinical
profile and various exercise electrocardiographic findings
should be considered before interpreting the clinical
significance of a particular exercise blood pressure in a given
patient.

e Abnormal increase in diastolic blood pressure:
Different authors have proposed different criteria.
Lauer MS, et al. [51] have suggested a value of more
than 110 mm Hg. Sieira MC, et al. [20] have proposed
an increase of more than 10 mm Hg over pre-exercise
diastolic pressure. Singh JP, et al. [14] have considered
a value more than the 95th percentile of sex-specific,
age-adjusted value during the second stage of the
treadmill test as abnormal. Athletes reach a relatively
lower peak diastolic blood pressure [20]. There is no
study of change in diastolic blood pressure during
different stages of treadmill testing is ‘normal’ persons.
Correct measurement of diastolic blood pressure needs
good training and experience in detecting the fifth
phase of Korokoff sound [21]. This results in significant
interindividual variability in values. At times Korokoff
sounds may be audible up to zero level during exercise.
Resting diastolic blood pressure is the main determinant
of diastolic blood pressure during exercise [24].

At present it is felt that normally diastolic blood pressure
does not change or shows a mild decrease during exercise
[14,17]. Any magnitude of the definite increase is, therefore,
abnormal. An increase of more than 10 mm Hg should be
considered important. A value of more than 110 mm Hg
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increases specificity but decreases sensitivity.

e Pathophysiology of hypertensive response

Systolic hypertensive response: During exercise, stroke

volume cannot increase beyond a point. Exaggerated systolic

blood pressure during exercise is, therefore, due to the failure

of adequate dilatation of peripheral vasculature [13,18].

Several factors are considered to contribute to impaired

vasodilatation. These include:

» Excessive stimulation of the sympathetic nervous system
[18,46,47].

» Decreased aortic distensibility. Aortic stiffness increases
with aging and atherosclerosis [5,56]

» Impaired endothelium-dependent
[57,58].

» Augmented rise in angiotensin II [53,59].

» Diminished nitric oxide and prostaglandin bioavailability
[60].

» Cardiovascular risk factors [15,16].

» Inflammation.61 Site and nature of inflammation is not
established. The mechanism of exaggeration of exercise-
induced hypertension in such cases is not clear.

vasodilatation

At present it is felt that cardiovascular risk factors are

important in children and adolescents [15]. Impairment
of endothelial function is usually important in younger
individuals [47]. Arterial stiffness is usually important in
the elderly [47]. Inflammation is contributory in patients
with chronic inflammatory diseases. More than one
factor could be contributory in a given case. Persons with
normal resting systolic blood pressure and exaggerated
systolic blood pressure response during exercise probably
have the preclinical stage of hypertension with subtle
pathophysiologic abnormalities like increased peripheral
vascular resistance [61].
Diastolic hypertensice response: Increased resting
peripheral vascular resistance and impaired capacity for
exercise-induced vasodilatation are considered responsible
for the diastolic hypertensive response [62].

o At what level of exercise should the blood pressure
be evaluated

At submaximal exercise or at maximal exercise?: Most of

the studies have evaluated systolic blood pressure at peak

exercise. Some workers have, however, evaluated blood

pressure response at the submaximal level of exercise.

Lim PO, et al. [63] observed that moderate but not
maximal intensity systolic blood pressure better correlated
with left ventricular mass in hypertensives. Erikssen G, et
al. [64] evaluated ‘healthy’ men aged 40 years to 60 years.
They used bicycle ergometry. All individuals were followed
for 26 years. An increase in systolic blood pressure at
submaximal workload, exercise capacity, and depression of
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the ST-segment correlated with a significant risk of major
cardiovascular events. Peak exercise systolic blood pressure
did not correlate with the incidence of cardiovascular events.
Kokkinas P, et al. [65] evaluated the association of exercise
capacity and increase in systolic blood pressure at moderate
intensity treadmill exercise with left ventricular mass in
prehypertensive individuals. Hypertensive response (> 150
mm Hg) at moderate intensity treadmill exercise (Bruce
protocol stage 2, 5 METSs) correlated with ventricular mass.

Kuri S, et al. [54] have observed that 1SD increment in
systolic blood pressure at 2 to 4 minutes from the start of
exercise correlated with an increased future risk of stroke.
Maximum systolic blood pressure was not associated with
the future risk of stroke.

Schultz MG, et al. [66] performed a metaanalysis of
exercise-induced hypertension, cardiovascular events and
mortality in patients undergoing exercise stress testing.
They observed that a hypertensive response at a moderate
workload better correlated with the future occurrence
of cardiovascular events after adjustment for other
cardiovascular risk factors, than systolic blood pressure at a
high workload.

Evaluation of an increase in systolic blood pressure at
submaximal exercise has several advantages over evaluation
of systolic blood pressure response at a high workload
[15]. Systolic blood pressure is more easily and accurately
measured during the second stage of exercise because it is
not influenced by exercise duration, physical conditioning
and patient cooperation [15,47,67,68]. Le VV, et al. [46] have
also suggested that exercise induced hypertension must
be diagnosed if it is observed at mild to moderate levels of
exercise. Correct measurement is usually difficult at very
high levels of exercise. Schultz MG, et al. [69] have shown that
systolic blood pressure measured during mild to moderate
exercise strongly predicts ‘masked hypertension’ in persons
with hypertensive response. Schultz MG, et al. [66] felt that
systolic blood pressure at submaximal workload better
correlates with variations in blood pressure during day-
to-day life. Sharman JE, et al. [19] have suggested that an
exaggerated increase in systolic blood pressure at low
workload (lessincrease in cardiac output) could be suggestive
of impaired vasodilatation. It could be suggestive of impaired
vasodilatation. It could suggest abnormal regulation of blood
pressure [23].

At present it is felt that measurement of an increase in
systolic blood pressure by the end of the second stage of the
Bruce protocol allows more correct and reproducible results
than measurement at peak exercise. It more closely correlates
with the pathophysiology of hypertensive response during
exercise. Criqui MH, et al. [24] have suggested that a normal
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increase in systolic blood pressure by the end of the first
stage of Bruce protocol (3 minutes of exercise) is around 30
mm Hg in men and around 28 mm Hg in women. However,
there is a lack of adequate data about normal increases in
blood pressure at different durations of exercise (METs)
in normal persons and persons with various confounding
factors. It is very necessary to correctly define an abnormal
increase in blood pressure at ‘submaximal exercise’ in a
given individual. More work is needed to correctly defined
hypertensive response at different levels of ‘submaximal’
workload [69].

e Prognostic implication
Of systolic hypertensive response

Increased risk of resting hypertension in future: Several
workers have proposed that systolic hypertensive response
during exercise was associated with increased risk of resting
hypertension in future [52,70-76].

However, these studies have several limitations. These
studies have enrolled either only males or small number of
females [52]. Different cut off values have been used to define
exaggerated blood pressure response. Manolio TA, et al. [71]
used cut point of > 210 mm Hg in males and > 190 mm Hg
in females. Allison TG, et al. [52] used cut point of > 214 mm
Hg. Miyai N, et al. [75] used the criteria of increase in systolic
blood pressure by more than 33 to 59 mm Hg over resting
blood pressure. The population studied by different workers
was also significantly different. Manolio TA, etal. [71] studied
‘normotensive volunteers’ with mean age of 25 years. Allison,
et al. [52] studied ‘asymptomatic normotnesive’ subjects
with mean age of 50+10 years. Franz IW [76] and Laukkanen
JA, etal. [13] studied only males with mean age of 42+6 years
and 52+5 years respectively. These persons had greater
likelihood of developing hypertension over the long period
of follow-up because of their age at the time of enrolment
irrespective of their systolic blood pressure during exercise.
Miyai N, et al. [78] studied individuals with ‘high normal’
blood pressure. Wilson MF, et al. [77] studied individuals
with ‘high normal’ blood pressure and family history of
hypertension. These persons were genetically predisposed
to develop hypertension with passage of time irrespective of
their systolic blood pressure response during exercise.

Most of the studies have not performed multivariate
analysis to find independent significance of systolic blood
pressure response during exercise. Studies that have tried
to evaluate association with other variables have not found
exercise systolic blood pressure to be significant. In the study
of Manolio TA, et al. [71] persons with exaggerated systolic
blood pressure at the beginning of the study had an increase
of 5 mm Hg in resting systolic blood pressure and 1 mm Hg
in diastolic blood pressure after five years. After adjusting for
confounding factors, there was an increase of only 2 mm Hg
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in the resting systolic blood pressure. Such a minimal change
could be due to natural increase in blood pressure over years
or even an interobserver difference in measurement. Authors
also concluded that there was stronger association between
resting blood pressure and risk for subsequent hypertension
than with exercise systolic blood pressure.

Singh JP, et al. [14] have also observed that after
adjusting for confounding factors, peak exercise systolic
blood pressure did not predict future hypertension. Baseline
resting systolic and diastolic blood pressures had stronger
association with new onset hypertension. Filipovsky ], et
al. [49] also observed that exaggerated blood pressure to
exercise became insignificant after adjusting to resting blood
pressure.

These observations reflect that individuals with
exaggerated systolic blood pressure during exercise have
pathophysiological changes in the preclinical stage which
gradually lead to the development of hypertension at rest
[16,49,77,79].

At present it is felt that there is no convincing evidence
of any correlation between peak exercise systolic blood
pressure and future development of hypertension at rest.
Those who develop hypertension at rest in future most likely
have pathophysiological changes in the preclinical stage of
hypertension at the time of treadmill test.

Left ventricular hypertrophy: Some authors have reported
association of greater left ventricular mass in persons with
exaggerated systolic blood pressure during exercise. Ren JF, et
al. [48] observed that individuals with exercise systolic blood
pressure of 190 mm Hg or more had greater left ventricular
mass as compared to individuals with exercise systolic blood
pressure less than 190 mm Hg. However, their patients had
resting hypertension which could have contributed to left
ventricular hypertrophy. Further, they did not exclude the
effect of other confounding factors. Gottadiener JS, et al. [55]
evaluated men who had normal blood pressure at the time of
enrolment. They observed that men with maximal exercise
systolic blood pressure of 210 mm Hg or more had left
ventricular hypertrophy. These authors enrolled only men
and did not exclude the effect of other confounding factors.
Sung ], et al. [80] also observed that exercise blood pressure
response was related to left ventricular mass. They also did
not adjust their data for other variables.

Lim PO, et al. [63] compared office, ambulatory
and exercise blood pressure to find determinants of left
ventricular wall thickness mass index in hypertensive
patients. They concluded that increase in systolic blood
pressure at moderate work load correlated with left
ventricular mass. Maximal systolic blood pressure did not
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correlate with left ventricular mass. However, their patients
had resting hypertension. Further, they also did not adjust
their data for other confounding variable. Sharman JE, et al.
[81] observed that in patients with hypertensive response
to exercise, ‘masked hypertension’ was associated with left
ventricular remodelling.

There could be some possibilities for the contradictory
observations of different workers. Firstly, the magnitude
of left ventricular hypertrophy to a given afterload is also
influenced by genetic predisposition for left ventricular
hypertrophy. Persons susceptible to left ventricular
hypertrophy could be simultaneously prone to exaggerated
systolic blood pressure response to exercise. Secondly,
some persons with exaggerated blood pressure response
to exercise have a tendency towards abnormal increase in
blood pressure during stresses of day to day life (masked
hypertension). In such persons, hypertensive blood pressure
response during treadmill testing could correlate with
changes in systolic blood pressure during stress conditions
of daily life [82]. This could result in left ventricular
hypertrophy. Thirdly, hypertensive response to exercise may
not be accompanied by elevation of central blood pressure
in all persons. Elevation of central blood pressure is an
important factor that controls the effect of hypertension on
the left ventricle [83].

At present it is felt that there is no consensus about
correlation between exercises induced increase in systolic
blood pressure and left ventricular hypertrophy. Left
ventricular hypertrophy is influenced by increase in
blood pressure during stresses of day to day life, genetic
predisposition to left ventricular hypertrophy, central
hemodynamics and resting blood pressure. Correct
evaluation of etiological correlation between systolic
hypertensive response during treadmill testing and
left ventricular hypertrophy needs long term studies of
normotensive persons with periodic ambulatory blood
pressure monitoring, evaluation of central hemodynamics
during exercise and multivariate analysis to exclude the
effect of various confounding factors.

Left ventricular diastolic dysfunction: There is no
consensus regarding the presence of left ventricular diastolic
dysfunction in patients with systolic hypertensive response
to exercise. Tokamura T, et al. [84] observed impaired left
ventricular diastolic function in patients with a systolic
hypertensive response to exercise. Tsiofis C, et al. [85] also
observed that exaggerated exercise systolic blood pressure
response is related to left ventricular diastolic dysfunction as
assessed by tissue Doppler imaging.

On the other hand, Mottram PM, et al. [86] observed that
systolic hypertensive response to exercise was associated

Mittal SR. Blood Pressure Response to Treadmill Stress Testing-Interpretation and Critical Appraisal.

] Cardiol 2023, 7(1): 000182.

Copyright© Mittal SR.


https://medwinpublishers.com/OAJC/

with impaired left ventricular systolic function without
diastolic dysfunction or left ventricular hypertrophy.

At present it is felt that left ventricular diastolic
dysfunction is also dependent on various factors causing
left ventricular hypertrophy. Therefore all persons with
exaggerated systolic blood pressure response to exercise
need not have left ventricular diastolic dysfunction.

Risk of future occurrence of cardiovascular events:
There is no consensus about the correlation of systolic
hypertensive response during a treadmill test and the risk
of future occurrence of cardiovascular events. Weiss SA,
et al. [87] studied exercise blood pressure response and
future incidence of cardiovascular death in asymptomatic
individuals. They observed that peak systolic blood pressure
of more than 210 mm Hg in men and 190 mm Hg in women
may be indicative of the risk of future development of
resting hypertension or adverse cardiac events. The authors,
however, did not adjust their data for the presence of other
cardiovascularriskfactorsatthe time ofenrolmentand during
long-term follow-up. Also, there is no information as to how
many individuals had clinical and/or electrocardiographic
evidence of myocardial ischemia during the index treadmill
test. It is also not clear what was the incidence of the
future cardiovascular accident in persons with the systolic
hypertensive response but without other cardiovascular risk
factors and without any evidence of myocardial ischemia in
the index treadmill test.

Erikssen G, et al. [64] evaluated healthy men aged forty
to sixty years by bicycle ergometry. On a follow-up of 26
years, ST-segment response, elevated systolic blood pressure
above normal at submaximal workload and exercise capacity
were independent predictors of significant risk for major
cardiovascular events. It is not clear how many persons with
elevated systolic blood pressure at submaximal exercise
also had abnormal ST-segment response. It is also not clear
how many persons without ST-segment abnormality had
abnormally high systolic blood pressure and what was their
prognosis. Individuals were already 40 to 60 years old at the
time of entry into the study. On a follow-up over 26 years
(final age 66 to 86 years), most of the persons were already
at high risk for cardiovascular events. The authors have also
not adjusted their observations for the presence and severity
of other cardiovascular risk factors at entry and during
the period of long follow-up. Further, as discussed earlier,
‘submaximal’ exercise needs to be defined before it can be
applied to an individual performing a treadmill test.

Several other workers have observed that exaggerated
systolic blood pressure during exercise did not correlate
with the incidence of cardiovascular events during follow-up
specially after adjusting for resting systolic blood pressure
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[52,88].

On the other hand, several studies have observed that
hypertensive response is associated with lower incidence
and severity of coronary artery disease lower incidence of
cardiovascular accidents and overall mortality [89-92]. It is
understandable because exercise-induced increase in systolic
blood pressure is dependent on left ventricular function.
Hypertensive response, therefore, indirectly suggests the
good capacity of the left ventricle to progressively increase
cardiac output with increasing exercise [13].

Hedberg P, et al. [93] observed that an increase of more
than 55 mm Hg in systolic blood pressure was associated
with decreased risk of overall mortality as compared to
persons with systolic blood pressure increase of less than
33 mm Hg. Gupta MP, et al. [41] observed that an increase
of more than 44 mm Hg in systolic blood pressure during
exercise was associated with improved survival. Laukkanen
JA, et al. [13] observed that middle-aged men with an
increase of 36 to 63 mm Hg in systolic blood pressure
during exercise had a lower rate of myocardial infarction as
compared to individuals with a higher increase in systolic
blood pressure. Authors have, however, not adjusted their
data for various cardiovascular risk factors at enrolment and
any change during follow-up. Data has also not been adjusted
with clinical and electrocardiographic findings suggestive of
myocardial ischemia during the index treadmill test. All these
authors have observed different cut-off values. No common
value can be derived that can be applied to a given individual.

At present it is felt that there is no convincing evidence
that exaggerated systolic blood pressure response during
treadmill testing alone is related to increased incidence of
cardiovascular events in future. Individuals with preclinical
hypertension, high normal blood pressure at rest or resting
hypertension with other cardiovascular risk factors are more
prone to have a hypertensive response during treadmill
testing [6,94] and could have a higher risk of cardiovascular
events in future. Individuals with unnoticed exaggerated
systolic blood pressure response during stresses of day-to-
day life could also be susceptible to cardiovascular events
in future. Ageing is an important cardiovascular risk factor
that has an independent impact on the occurrence of
cardiovascular events in long-term follow-up of middle-aged
persons. In general, the magnitude of increase in systolic
blood pressure with increasing workload suggests good left
ventricular function and thus a good prognosis unless there
are other significant cardiovascular risk factors. Normally,
physically fit individuals have greater maximal increase in
systolic blood pressure with increasing workload not only
because they can exercise longer but also because they can
progressively increase their cardiac output [90].
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Future risk of stroke: Kuri S, et al. [54] evaluated 1026 men
aged 42-60.4 years by bicycle ergometer. The average follow-
up was 10.4 years. They concluded that men with systolic
blood pressure rise of more than 19.7 mm Hg per minute of
exercise had a greater risk of developing ‘any’ stroke over
an overage follow-up of 10.4 years than men with a rise of
less than 16.1 mm Hg per minute during treadmill testing.
However, a maximum increase in systolic blood pressure
during exercise was not predictive of stroke.

This study has several limitations. Firstly, only men
were enrolled. Secondly, the studied population was already
at high risk for the occurrence of stroke. The mean age at
baseline was 40 to 60.4 years i.e. final age around 50 to 70
years. Body mass index ranged from 18.8 to 40.2 (mean
26.4+3.3). Several persons were smokers. Mean serum LDL
was 4.1mmd/L and 3.1 present were diabetic. Resting supine
blood pressure ranged from 91 to 206.5 mm Hg. Resting
diastolic blood pressure ranged from 65 to 136.7 mm Hg.
Thirdly, there is no information regarding the difference in
resting blood pressure and other risk factors for stroke in the
two groups at the time of enrolment and their progression
over the long period of follow-up. Fourthly, the authors did
not perform multivariate analysis to exclude the impact of
other confounding variables like age, resting blood pressure,
body mass index, dyslipidemia, atherosclerosis etc. Fifthly,
the authors have not provided any explanation for the lack
of any correlation between maximal systolic blood pressure
and the risk of future occurrence of ‘any’ stroke. Sixthly, there
is no information about the future incidence of stroke in
individuals with a systolic blood pressure rise between 16.1
mm Hg per minute and 19.7 mm Hg per minute. Seventhly,
the date has been analyzed for ‘ischemia stroke’ and ‘any
stroke’. Causes of ‘any stroke’ like hemorrhagic stroke or
embolic stroke have not been analysed. Eighthly, there is
no information about the presence/ absence or severity of
atherosclerosis in vessels of the neck and brain at the time of
enrolment in the study and their progression over the long
period of follow-up. Lastly, the authors have not provided
any explanation as to how the rate of rise of systolic blood
pressure during an index treadmill test resulted in the
occurrence of ‘any stroke’ after several years. There is no
other study supporting the conclusions of these workers.

It is possible that the patients who developed stroke
on follow-up had preclinical pathologies which resulted in
progressive vascular damage over the years. Itis also possible
that maximum systolic blood pressure during physical and/
or emotional stresses of day-to-day life was higher in persons
who finally developed stroke as a cumulative effect.

At present it is felt that at present there is no convincing
evidence to support any association of exaggerated systolic
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blood pressure during a treadmill test and increased
incidence of stroke in future. What is more plausible is that
there are some common pathophysiological conditions
that are responsible for both hypertensive response during
treadmill testing and the occurrence of stroke later in life.
More work is needed in this field.

Future risk of albuminuria: Tsioufis C, et al. [96] observed
a correlation between exercise blood pressure response,
albuminuriaand arterial stiffness in hypertensive individuals.
The authors did not study normotensive individuals and
did not adjust their results with other confounding factors.
Resting hypertension perse could result in albuminuria
specially if the individuals have other risk factors like
diabetes mellitus.

At present it is felt that there is no convincing evidence that
hypertensive blood pressure response during treadmill tests
has any etiological correlation with albuminuria. There is no
properly designed, randomized, control trial in this area.

Overall impression about the prognostic significance
of systolic hypertensive response: It is justified to
advise lifestyle modification to persons with hypertensive
responses. Ambulatory blood pressure monitory is useful.
Patients with abnormal hypertensive response to stresses of
day-to-day life (masked hypertension) may need additional
pharmacotherapy to reduce mean after load. Persons with
hypertensive response should also be kept on regular follow-
up for early detection of hypertension at rest.

Prognostic significance of exercise-induced increase in
diastolic blood pressure: This issue has not been evaluated
in detail. Some studies have found the diastolic hypertensive
response to be a strong predictor of the future development
of resting hypertension [14,71,76]. Also, there is no literature
correlating values magnitudes of increase in diastolic
blood pressure response with future risk of left ventricular
remodelling, cardiovascular events, cerebrovascular
accidents and overall long-term prognosis. This area needs
further research.

There is no data on the magnitude of the increase in
diastolic blood pressure with various levels of exercise in
normal persons without any cardiovascular risk factors and
a family history of hypertension.

At present it is felt that diastolic hypertension is
considered to be due to increased peripheral vascular
resistance and impaired capacity for exercise-induced
vasodilatation. Itis therefore likely that diastolic hypertensive
response is more likely to be related to the future risk of
hypertension at rest.
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Abnormal blood pressure response during recovery

Normally, systolic blood pressure falls rapidly during
recovery [17]. It drops by 15% or more within three minutes
of recovery6 and this fall may last for several hours [3]. Initial
rapid decrease in systolic blood pressure is because of a rapid
decrease in heart rate, stroke volume and systemic vascular
resistance as a result of a rapid decrease in sympathetic drive
and recovery of vagal tone [6]. Systolic blood pressure often
drops below pre-exercise level and may remain so for several
hours [3]. It is due to persistent vasodilatation in muscles
involved in exercise.

Definition of an abnormal response: Failure of adequate
fall in systolic blood pressure over the initial few minutes
of recovery is considered abnormal. There is no consensus
about the definition of abnormal response. Sharman JE, et
al. [19] used the ratio of systolic blood pressure at the end
of the third minute of recovery upon systolic blood pressure
at peak exercise. A ratio of 0.90 or greater was considered
abnormal. Abe K, et al. [95] and Tsioufis C, et al. [96] also
found this ratio useful in persons with electrocardiographic
or echocardiographic left ventricular hypertrophy. Taylor
A], et al. [97] observed that a ratio of 0.93 correlated
with extensive hypoperfusion on quantitative thallium
scintigraphy. Mc Ham SA, et al. [98] observed that a three-
minute recovery systolic blood pressure to one-minute
recovery systolic blood pressure ratio greater than one
correlated with angiographic coronary artery disease. Tsuda
M, et al. [99] also observed that this ratio was a predictor of
cardiovascular mortality. Huang CL, et al. [100] observed
that systolic blood pressure was 1.03 times higher at one
minute than peak systolic blood pressure and the same as
peak systolic blood pressure at three minutes of recovery
was suggestive of coronary artery disease in patients with
or without hypertension. Kuri S, et al. [54] observed that
systolic blood pressure at the end of the second minute of
recovery divided by peak systolic blood pressure correlated
with future risk of occurrence of stroke. Laukkanen JA, et
al. [101] studied systolic blood pressure two minutes after
exercise on a cycle ergometer in middle-aged men. They
observed that a systolic blood pressure of more than 195 mm
Hg, two minutes after exercise correlated with a high risk of
myocardial infarction and cardiovascular death. Yosefy C, et
al. [102] observed that patients with hypertensive response
during exercise (systolic blood pressure more than 180 mm
Hg, diastolic blood pressure more than 100 mm Hg) five
minutes post-exercise blood pressure of more than 160/90
mm Hg had a higher five-year incidence of coronary artery
disease and cardiovascular accidents. Nakashima M, et al.
[74] observed that an increase in systolic and diastolic blood
pressure immediately after exercise were strong predictors
of future hypertension in men [103].

Pathophysiology: The exact mechanism of such an abnormal
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blood pressure response is not clear. Several explanations

are proposed in the literature.

e Abnormality in autonomic function. A slow decrease
in sympathetic tone and attenuated increase in vagal
activity in the immediate post exercise period [4,104-
106].

e Recovery of contractility of the left ventricular
myocardium and stroke volume due to relief of
ischemia during recovery [17,107,108]. This can be an
explanation in patients with exercise-induced significant
left ventricular dysfunction.

e Production of catecholamine stimulating metabolites
from hypoxic exercising muscles [109]. These
catecholamines result in vasoconstriction and reduction
in fall in systolic blood pressure during recovery.

e Arteriosclerotic changes and hypertrophy of smooth
muscles of vessels can also attenuate a decrease in
systolic blood pressure during recovery.

e Decreased nitric oxide synthase activity resulting in
impairment of endothetial dependent vasodilatation can
also contribute to delayed fall in systolic blood pressure
during recovery [110].

e (linical significance

Detection of coronary artery disease: Patients with
coronary artery disease may have a slower rate of decline
in systolic blood pressure during recovery as compared to
individuals without artery disease [105,111]. However, this
finding cannot be used independently for diagnosing or
excluding coronary artery disease.

Tsuda M, et al. [99] observed that although patients with
coronary artery disease had a slower decline in systolic blood
pressure during recovery, symptoms or electrocardiographic
changes during recovery were more useful in diagnosing the
presence of coronary artery disease. Thomas GS, et al. [4]
also observed that there was a significant overlap of values
among normal individuals and patients with coronary artery
disease. Therefore, recovery ratios do not have any diagnostic
significance. Development of angina and/or diagnostic ST-
segment changes were more reliable. Thus, it is clear that
systolic blood pressure response during recovery is neither
sensitive nor specific for diagnosing the presence or absence
of coronary artery disease.

Evaluation of the severity of coronary artery disease:
Taylor AJ], et al. [97] observed that a peak systolic blood
pressure/recovery systolic blood pressure ratio of 0.93
correlated with extensive hypoperfusion on quantitative
thallium 201 scintigraphy. The authors, however, did not
correlate their observations with the severity of symptoms
and electrocardiographic changes. The authors have also not
evaluated the sensitivity and specificity of their observation
against the findings in coronary angiograms.
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Mc ham SA, et al. [98] observed that three minutes to
one-minute recovery systolic blood pressure ratio of more
than one was associated with a greater likelihood of severe
coronary artery disease. However, the sensitivity of this
finding for detecting severe coronary artery disease was only
38 percent. The authors also did not correlate the significance
ofthisratioas compared to symptoms or electrocardiographic
findings. It is also not clear if the abnormal recovery systolic
blood pressure response gave any add-on information over
other clinical or electrocardiographic criteria suggestive of
severe coronary artery disease. Further, the ratio could not
predict the nature of severity of coronary artery disease
(left main disease, 3 vessel disease or 2 vessel disease with
involvement of proximal LAD).

Prediction of future risk of acute myocardial infarction:
Hashimoto M, et al. [105] evaluated men with a mean age
of 59 years with a cycle ergometer. Systolic blood pressure
was measured in a sitting position at two minutes in
recovery. They observed that individuals with a systolic
blood pressure of more than 195 mm Hg, 2 minutes after
exercise had a high risk of acute myocardial infarction over a
mean follow-up of thirteen years as compared to individuals
with systolic blood pressure less than 170 mm Hg. This
study has several limitations. Firstly, data from only males
were analysed. Secondly, it was a retrospective analysis of
the data. Thirdly, systolic blood pressure 2 minutes after
exercise was selected for analysis as it was available for all
patients. This has introduced a selection bias. Fourthly, at
the end of the follow-up period of 13 years, the mean age
of patients is expected to be around 66 years. This age per
se is a risk factor for myocardial infarction. Fifthly, there is
no information about the presence and severity of various
cardiovascular risk factors in the two groups of patients in
the beginning and any change over the long follow-up period
of thirteen years. Sixthly, the final results have not been
adjusted for resting blood pressure, peak blood pressure and
various cardiovascular risk factors. Seventhly, the incidence
of acute myocardial infarction in patients with 2-minute
recovery systolic blood pressure between 170 to 195 mm Hg
is not clear. Therefore conclusions cannot be applied to an
individual with recovery systolic blood pressure in this range.
Eighthly, this observation cannot be applied to an individual
undergoing an exercise stress test. Finally, individuals with
a mean age of 53 years and high 2 minutes recovery systolic
blood pressure are very likely to have resting hypertension,
the hypertensive response at peak exercise, hypertensive
response to stresses of day-to-day life (masked hypertension)
and underlying atherosclerosis. The conclusions of the study,
therefore, cannot be taken for granted unless the results are
adjusted for these important variables.

Prediction of prognosis/ future occurrence of mortality:
Yosefy C, et al. [102] studied individuals with a mean age
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of 60.1+4.1 years. All individuals were followed for five
years after an exercise stress test. They observed that five
minutes post-exercise blood pressure of more than 160/90
mm Hg was associated with a higher incidence of coronary
artery disease and cardiovascular accidents. The sensitivity
was however only 50 percent. Further, the data was not
adjusted for symptoms and electrocardiographic findings
during exercise. Patients who suffered from coronary
artery disease or cardiovascular accidents had a higher
prevalence of abnormal lipid profile, resting hypertension
and other cardiovascular risk factors. Thus, there is no
conclusive evidence that delayed recovery of systolic blood
pressure after exercise had any independent and significant
correlation with the future occurrence of coronary artery
disease or cardiovascular accidents. Several other workers
have also observed that systolic blood pressure patterns
during recovery do not predict prognosis or future risk of
mortality [98,41].

Huang CL, et al. [100] have observed that a paradoxical
increase rather than a decline in systolic blood pressure
after exercise is a predictor of cardiovascular mortality. It is
possible. However, the authors have not identified any cut-off
value of the magnitude of the paradoxical increase in systolic
blood pressure that can be applied to an individual. The
sensitivity of these criteria is also expected to be very low.
More work is needed to confirm their observations.

Prediction of risk of future development of hypertension
at rest: Some workers have observed that a reduced decline
in systolic blood pressure during recovery was associated
with new onset of hypertension at rest over the next eight
to ten years [14,104,113]. In the studies of Tanji JL, et al.
[113] and Singh JP, et al. [14], patients were evaluated at
submaximal exercise rather than at peak exercise. These
workers did not adjust their observations with a family
history of hypertension, presence or absence of ‘masked
hypertension’ and presence of risk factors for hypertension
at the time of enrolment and subsequently over the long
periods of follow-up. It is possible that these individuals had
pathophysiological changes seen in the preclinical phase of
hypertension which lead to the development of hypertension
at rest during the long-term follow-up. The incidence of
hypertension in general, increases with advancing age. It is
not possible to forecast the risk of future development of
hypertension at rest, about an individual, simply by the rate
of decline of systolic blood pressure during recovery of one
treadmill test.

Risk of future occurrence of stroke: Kuri S, et al. [54]
have observed that systolic blood pressure at two minutes
during recovery divided by peak systolic blood pressure
attained during the exercise test was associated with an
increased risk of ‘any stroke’ and ischemic stroke. The study
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has several limitations as discussed before. Also, there is
no other study to support the conclusions of this study.
Incidence of stroke increase with advancing age even in
normal population.

At presentitis felt that there is no convincing evidence to
forecast the risk of future morbidity in an individual simply
by interpreting the decline in systolic blood pressure during
recovery of one treadmill test. Total clinical profile, presence
of other risk factors and symptoms/ electrocardiographic
changes during treadmill test should be considered. Some of
these individuals could have ‘preclinical’ hypertension.

It is justified that individuals with such blood pressure
should be evaluated for the presence of ‘preclinical
hypertension’. Advise regarding lifestyle modification,
correction of cardiovascular risk factors and regular follow-
up for early detection of hypertension at rest are justified.

Conclusions

e At present, no correct cut-off values are available which
can be applied to a given patient to correctly define an
abnormal response.

e A progressive decrease in systolic blood pressure
(especially below the pre-exercise level) on continuation
of exercise is abnormal. Such a response suggests severe
left ventricular dysfunction irrespective of the cause.

e A transient decrease in systolic blood pressure followed
by an increase on continuation of exercise can be because
of anxiety or transient, self-terminated arrhythmia. Such
a response does not have any diagnostic or prognostic
significance.

e Failure of systolic blood pressure to increase
progressively with increasing workload suggests the
failure of the left ventricle to increase its stroke volume
from any cause

e An initial increase followed by a fall of 20 mm Hg or
more can be seen in severe left main and/or triple vessel
disease.

e Above mentioned ‘hypotensive’ responses should
be interpreted in the context of the total clinical and
electrocardiographic profile of the treadmill test and
never in isolation.

e A mild fall in systolic blood pressure can occur at peak
exercise or soon after exercise. Such a response does not
have any diagnostic or prognostic significance.

e C(linical profile, electrocardiographic findings, the effect
of resting blood pressure, age, sex, body mass index,
physical conditioning, presence of cardiovascular risk
factors and family history of hypertension should be
considered before interpreting the clinical significance
of a particular peak systolic blood pressure in a given
case.
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An increase in diastolic blood pressure by 10 mm Hg
over the pre-exercise value or a value of 110 mm Hg or
more is significant. Such a response may be associated
with a future risk of hypertension at rest.

There is no consensus about the definition of abnormal
systolic blood pressure response during recovery. Failure
of a significant decrease over the first three minutes of
recovery or a paradoxical increase over peak exercise
value is certainly abnormal.

What is most important is to ensure that blood pressure
is correctly measured and timely entered by a competent
staff.

Because of several difficulties in correct measurement at
peak exercise, some authorities recommend evaluation
of blood pressure at submaximal exercise. More work is
needed to correctly define the ‘submaximal’ workload
and the clinical significance of blood pressure readings
at such a workload.
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